Murrayae Folium et Cacumen (MFC) is a traditional Chinese medicine (TCM) derived from the leaves and twigs of two aromatic species of Rutaceae: Murraya paniculata (L.) Jack and M. exotica L. It has long been used as a folk medicine in South China for the treatment of a variety of disorders, particularly for inflammatory lesions and pains. In the present study, a detailed chemical examination as well as a comparative analysis of the essential oil composition of M. paniculata and M. exotica was conducted by gas chromatography-mass spectrometry (GC-MS). A total of 141 volatile components were identified from the essential oil of these two plants. Sesquiterpenes were found to be the predominant constituents, accounting for 92.8% of the oil from M. paniculata and 87.9% of that from M. exotica. A comparative analysis of the essential oil composition of these two plants revealed a high level of similarity in their main constituents, such as the co-occurrence of E-caryophyllene, spathulenol and -elemene, which gave the chemical evidence for their equal medicinal application as MFC in TCMs. Moreover, in combination with literature reports, E-caryophyllene was theoretically deduced as one of the pharmacologically effective components of MFC that is responsible for treating inflammatory lesions and for local anaesthesia. Murrayae Folium et Cacumen (MFC), a traditional Chinese medicine (TCM), is well known for its aromatic feature, so a vivid trivial Chinese name "Jiulixiang" was given, which means that its fragrance can be smelled from nine-miles away. This medicinal herb is a multiple colony of the genus Murraya (family Rutaceae). Two Murraya species, namely M. paniculata (L.) Jack and M. exotica L. are the official source of MFC as recorded in the Chinese Pharmacopoeia [1] . MFC has long been used as a folk medicine in South China for treating various disorders, particularly for inflammatory lesions and the pain symptoms caused by traumatic injuries or rheumatic arthralgia and gastralgia [2] . Modern pharmacological studies showed that MFC also possessed antibacterial [3] , anti-inflammatory, antinociceptive [4] , antifertility [5] [6] [7] , and spasmolytic activities [8] .
The essential oil composition of M. paniculata and M. exotica has been described in several published papers [9] [10] [11] [12] [13] . These researches mainly focused on the chemical diversity of the oil composition and the content variation caused by locality, geography, and some other specific factors. However, there has been no available scientific information concerning the comparative analysis of the essential oil composition of these two medicinal plants to date.
In the present investigation, a more detailed chemical examination as well as a comparative analysis of the essential oils from M. paniculata and M. exotica was performed. Furthermore, in combination with the literature data, a tentative correlation between the chemistry of these two plant oils and their traditional medicinal usages was proposed for the first time.
Water-distillation of the leaves and twigs of M. paniculata yielded 0.4%, v/w, of yellowish oil, while that of M. exotica produced a green oil in a yield of 0.5%, v/w. In order to acquire the best separation of the chemical components of the oil from these two different plants, the separation conditions in the GC-MS analysis were optimized respectively based on their personal chromatographic behavior. As a result, a total of 141 volatile components were identified according to their mass characteristics and retention indices (RI). Most of the constituents were reported from the title plants for the first time. The percentage of each component within the essential oil from M. paniculata and M. exotica is summarized in Table 1. In M. paniculata, 86 components were identified, representing 93.1% of the total detected GC peak areas. The most prominent compound is E-caryophyllene (23.3%), followed by spathulenol (16.1%), -trans-bergamotene (9.3%), E-nerolidol (4.6%), linalool isovalerate (4.0%), and -elemene (3.3%). In M. exotica, 92 components were identified (89.4% of the total) with spathulenol (25.6%), trans--guaiene (13.7%), E-caryophyllene (11.7%), bicyclogermacrene (4.1%), -elemene (3.4%), and -humulene (3.0%) as the main constituents. The essential oils of these two species were both characterized by a predominance of sesquiterpenes (92.8% for M. paniculata and 87.9% for M. exotica), which agreed well with the chemotaxonomy of Sec. Murraya species from the angle of the volatile ingredients, as previously described by Li et al. [14] .
A comparative analysis of these two plant oil compositions revealed that a total of 37 compounds were common to both M. paniculata and M. exotica, and some were the main components, such as Ecaryophyllene (23.3% in M. paniculata and 11.7% in M. exotica) and spathulenol (16.1% in M. paniculata and 25.6% in M. exotica). The common constituents form 64.3% of the oil of M. paniculata and 64.0% of the oil of M. exotica.
It has been widely accepted that the organic molecules generated by medicinal plants or animals are the material basis for curing various disorders. Correspondingly, MFC has the effect of local analgesia and anesthesia when used externally, which could be mainly derived from the chemical substances capable of being percutaneously absorbed. As the low-polarity essential oils could easily penetrate the skin, the analogous volatile ingredients produced by M. paniculata and M. exotica provide a chemical foundation for their equal medicinal use for the treatment of inflammatory lesions and for anesthesia. The biological features of the essential oil depend on the action of the main components contained in the oil [15] . Through analysis of the literature and the results obtained in this research, we found that E-caryophyllene frequently occurs as a prominent component in the essential oil of M. paniculata and M. exotica collected from different countries and different regions [9] [10] [11] [12] [13] . This prompted us to be curious as to whether this organic molecule possesses any biological properties relative to the traditional use of MFC. After document surveys, as expected, E-caryophyllene was reported to exhibit a significant local anesthetic activity comparable with that of the procaine [16] . It also displays a considerable capability of treating inflammation and inflammatory pain by external application [17] . Thus, E-caryophyllene was theoretically deduced as one of the main pharmacologically effective candidates of the Chinese drug MFC (M. paniculata or M. exotica). Regarding the mechanism of E-caryophyllene, it could be related to the selective and potent activation of the cannabinoid 2 (CB2) receptor, which can mediate the anti-inflammatory effect and relieve pain [18] [19] [20] . 
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Isolation of essential oils:
The air-dried plant materials (50 g for M. paniculata and 30 g for M. exotica) were subjected to hydrodistillation for 6 h using a Clevenger-type apparatus. The obtained essential oil was dried over sodium sulfate and the quantity was measured. They were then stored in sealed vials at 4-6ºC until GC-MS analysis.
GC-MS analysis:
GC-MS analysis was performed on a Thermo/Finnigan Trace GC-MS system equipped with a HP-5 capillary column (30 m  0.25 mm  0.25 m, Crossbond 5% phenyl -95% dimethylpolysiloxane, Sigma-Aldrich). Analytical conditions: injector temperature at 220 ºC; injection volume of 0.5 L with a split ratio of 1:50; the temperature program was from 80ºC (kept for 1 min), rising to 135ºC at a rate of 10ºC/min, then rising to 170ºC at a rate of 2ºC/min, then at a rate of 20ºC/min to 280ºC for M. paniculata; for M. exotica, the temperature program was from 80ºC (kept for 1 min), rising to 180ºC at a rate of 3ºC/min, then at a rate of 10ºC/min to 250ºC. Helium was used as the carrier gas at a flow rate of 1 mL/min. MS operating parameters: electron impact ionization at 70 eV with mass scan range of 50-500 m/z and transfer line temperature at 240ºC. Identification of the constituents was based on comparison of the mass spectral pattern and retention indices (RI) with those given in the literature [21] . The retention indices (RI) were calculated in relation to a series of n-alkanes according to van Den Dool and Kratz [22] .
